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Summary
Background ChAdOx1-vectored vaccine candidates against several pathogens have been developed and tested in 
clinical trials and ChAdOx1 nCoV-19 has now been licensed for emergency use for COVID-19. We assessed the safety 
and immunogenicity of the ChAdOx1 MERS vaccine in a phase 1b trial in healthy Middle Eastern adults.

Method MERS002 is an open-label, non-randomised, dose-escalation, phase 1b trial. Healthy Middle Eastern adults 
aged 18–50 years were included in the study. ChAdOx1 MERS was administered as a single intramuscular injection 
into the deltoid muscle of the non-dominant arm at three different dose groups: 5·0 × 10⁹ viral particles in a low-dose 
group, 2·5 × 10¹⁰ viral particles in an intermediate-dose group , and 5·0 × 10¹⁰ viral particles in a high-dose group. The 
primary objective was to assess the safety and tolerability of ChAdOx1 MERS, measured by the occurrence of solicited 
and unsolicited adverse events after vaccination for up to 28 days and occurrence of serious adverse events up to 
6 months. The study is registered with ClinicalTrials.gov, NCT04170829.

Findings Between Dec 17, 2019, and June 1, 2020, 24 participants were enrolled (six to the low-dose, nine to the 
intermediate-dose, and nine to the high-dose group) and received a dose; 23 were available for follow-up at 6 months. 
The one dose of ChAdOx1 MERS vaccine was well tolerated with no serious adverse event reported during the 6 months 
of follow-up. Most adverse events were mild (67, 74%) and moderate (17, 19%). Six (7%) severe adverse events were 
reported by two participants in the intermediate-dose group (two feverish, two headache, one joint pain, and one 
muscle pain). Pain at the injection site was the most common local and overall adverse event, reported by 15 (63%) of 
the 24 participants. The most common systemic adverse event was headache, reported by 14 (58%), followed by muscle 
pain reported by 13 (54%). The vaccine induced both antibody and T cell immune responses in all volunteers; antibodies 
peaked at day 28 and T cell responses peaked at day 14; and continued until the end of follow-up at 6 months.

Interpretation The acceptable safety and immunogenicity data from this phase 1b trial of ChAdOx1 MERS vaccine 
candidate in Healthy Middle Eastern adults, combined with previous safety and immunogenicity data from a trial in 
the UK, support selecting the ChAdOx1 MERS vaccine for advancement into phase 2 clinical evaluation.
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Health Research; and King Abdullah International Medical Research Center.
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Introduction
MERS is a zoonotic disease caused by a coronavirus, 
leading to a respiratory infection in humans with 
manifestations ranging from asymptomatic to severe 
pneumonia and death. MERS-CoV is also known to 
cause severe acute respiratory illness in humans.1,2 It 
was first identified in Saudi Arabia in 2012 and has 
since spread to around 27 countries.1,3 Cases of sporadic 
zoonotic infections in the community, secondary 
household transmission, and clusters of outbreaks in 
health-care settings are well documented.4,5 MERS-CoV 
is an enveloped, single-stranded, RNA virus that 
belongs to betacoronavirus genus of the Coronaviridae 
family. This family is known for evolving into a broader 

tropism and for their ability to cause an infection 
in mammalian and avian hosts.3 The virus spike 
protein facilitates entry into host cells through a 
mammalian cell receptor, DPP-4, which is variably 
expressed in dromedary camels (Camelus dromedarius) 
and humans.6 This expression would partly explain 
interspecies pathogenesis and transmissibility of 
MERS-CoV from camels to humans in areas with high 
camel–human interactions, such as Africa and the 
Arabian Peninsula.7,8

Since the emergence of MERS-CoV in 2012, Saudi Arabia 
has been the main endemic country with the highest 
reported cases of this virus. By July 31, 2021, a total of 
2578 laboratory-confirmed cases were reported globally to 
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the WHO, including 2178 cases reported in Saudi Arabia.9 
The case fatality rate of MERS is considered high: 
34·3% globally and 37·1% in Saudi Arabia.9 Dromedary 
camels are the confirmed source of animal-to-human 
transmission in at-risk regions and 54% of primary human 
cases have reported direct or indirect camel contact.10 
Although camel workers are not usually symptomatic and 
their viral infection is only detected retrospectively by 
serology testing, 50% of camel workers in one study in 
Saudi Arabia were found to be seropositive.11 Despite local 
and international efforts by health authorities, MERS-CoV 
will continue to be a significant public health issue in 
affected and at-risk countries in the absence of an antiviral 
or a vaccine with a proven efficacy.12,13 ChAdOx1, a 
chimpanzee adenovirus vaccine vector, has been developed 
and used for vaccine candidates against several infections. 
Its targets include malaria, influenza, Ebola, and most 
recently, the ChAdOx1 nCoV-19 vaccine, which was 
licensed for emergency use on Feb 15, 2021 by WHO for 
COVID-19. ChAdOx1 was well tolerated and immunogenic 
in all previous clinical trials.14–16 The ChAdOx1 based 
vaccine for COVID-19 has proved efficacious in several 
phase 3 clinical trials17 and effective against COVID-19 in 
real-world postdistribution studies.18 A ChAdOx1 vector 
expressing full-length spike from MERS-CoV was 
constructed (ChAdOx1 MERS) and evaluated in mouse, 
non-human primates, and camel studies. The vector 

induced significant humoral and cellular immune 
response; with complete protection in mice or high level 
protection in non-human primates and camels.19–22 In a 
phase 1 clinical trial in healthy people in the UK, ChAdOx1 
MERS (MERS001 trial) was well tolerated with no serious 
adverse events and induced immune responses.23 The 
study showed that single dose regimens were safe and 
immunogenic. Here, we have worked on setting up 
infrastructure and conducted the first-ever vaccine, 
phase 1, clinical trial in Saudi Arabia. This trial is aimed at 
assessing the safety and immuno genicity of the ChAdOx1 
MERS vaccine candidate in healthy Middle Eastern adults 
in Saudi Arabia as a phase 1b clinical trial in this main 
endemic country.

Methods
Study design and participants
MERS002 is an open-label, non-randomised, dose-
escalation, extension for a first-in-human, single centre, 
phase 1b clinical trial, conducted at Kind Abdulaziz 
Medical City, Ministry of National Guard Health Affairs, 
Riyadh, Saudi Arabia. Our study followed a first-in-
human study that was done in the UK23 and shared 
similarities in design and procedures. Volunteers were 
recruited through flyers and advertisements distributed 
in public areas in Riyadh. Healthy Middle Eastern people 
aged 18–50 with negative prevaccination tests for HIV 

Research in context

Evidence before this study
At this time, no vaccine or specific treatment is licensed for 
MERS. Several vaccine candidates are under development, 
including the ChAdOx1 vector, which was studied in a phase 1 
trial. We searched PubMed for articles published since database 
inception up to June 4, 2021. With no language restrictions 
applied, we used the search terms: “Chadox”, “chadox1”, “MERS 
vaccine”, “MERS vaccine safety”, and “chadox1 vaccine”. We 
examined studies that investigated the safety of ChAdOx1 
vectored vaccines as a primary outcome. A clinical study that 
took place in the UK found that the vaccine was safe and well 
tolerated and humoral and cellular MERS-CoV-specific immune 
responses were induced in most participants. A large-scale 
analysis of the ChAdOx1 nCoV-19 vectored vaccine, with 
23 848 participants enrolled in the UK, Brazil, and South Africa, 
showed an acceptable safety profile. Another phase 1 trial in 
healthy adults is evaluating anti-MERS-CoV modified vaccinia 
virus Ankara-based vaccine candidate that expresses the 
MERS-CoV spike glycoprotein. Vaccination with modified 
vaccinia virus Ankara MERS-S had a favourable safety profile 
without serious or severe adverse events, and provides evidence 
of humoral and cellular immunogenicity in humans. In an 
earlier phase 1 clinical trial for a MERS-CoV DNA vaccine 
candidate, the GLS-5300 MERS-CoV vaccine was well tolerated 
with no vaccine-associated serious adverse events. Immune 
responses were dose independent, detected in more than 

85% of participants after two doses of vaccination, and durable 
through 1 year of follow-up.

Added value of this study
This study is a phase 1b trial and the first clinical study of the 
ChAdOx1 MERS vaccine enrolling exclusively adults from the 
Middle East, where MERS-CoV is endemic. The vaccine 
investigated in this trial, which took place in Saudi Arabia, was 
safe and well tolerated. In addition, this study maintains the 
safety profile of the ChAdOx1 vector, which for SARS-CoV-2, 
has gained emergency use authorisation in several jurisdictions. 
The vaccine induced antibody and T cell immune responses in 
all participants; and continued until the end of follow-up. 
Unlike MERS001 in the UK, the high-dose group showed higher 
concentrations of antibodies compared with the lower-dose 
groups, which might indicate that the vaccine can induce 
different levels of immune responses in different populations.

Implications of all the available evidence
As a phase 1b trial, this study provided information on 
reactogenicity and immunogenicity of the clinical use of 
ChAdOx1 MERS in an endemic area. The outcome of this study 
supports clinical progress into a phase 2 study. A larger number 
of healthy adults, health-care workers, and people 
occupationally exposed to camels, mainly in the Middle East, can 
be recruited to further establish the safety and immunogenicity 
of a vaccine that can be used to prevent MERS outbreaks.
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antibodies, HBsAg, and hepatitis C antibodies were 
eligible for enrolment. Women must have had negative 
blood pregnancy tests during screening and immediately 
before vaccination to be eligible for enrolment. The 
patient’s medical history was reviewed by the principal 
investigator in addition to reviewing clinical and 
laboratory findings from the urinalysis and blood tests at 
screening according to the study protocol (appendix).

Written informed consent was obtained from all 
potential volunteers before study-specific procedures 
were performed. The study was approved by Institutional 
Review Board and ethical committee at King Abdullah 
International Medical Research Centre (CT18/004/R); 
and the Saudi Drug and Food Authority (SCTR 18121302). 
An independent Data and Safety Monitoring Board 
provided safety review and supervision.

Procedures
The ChAdOx1 MERS vaccine candidate, manufactured by 
the Clinical Biomanufacturing Facility at the University 
of Oxford (Oxford, UK), was administered as a single 
intra muscular injection into the deltoid muscle of 
the non-dominant arm in three groups of patients: 5·0 × 10⁹ 
viral particles (low-dose group), 2·5 × 10¹⁰ viral particles 
(intermediate-dose group), and 5·0 × 10¹⁰ viral particles 
(high-dose group). A staggered approach was used for 
enrolling volunteers. The first three volunteers of each 
group were admitted and observed in-unit, as defined in 
the protocol, for 48 h after vaccination. The Data and 
Safety Monitoring Board conducted a safety review after 
vaccination of the first three volunteers in group 1 before 
dose-escalation and enrolment of the rest of the group’s 
patients. A similar safety procedure was done for the first 
three volunteers in groups 2 and 3 before the enrolment 
of the remaining volunteers. The remaining volunteers in 
each group were observed for at least 1 h after the 
vaccination and did not require in-unit observation. Full 
details can be found in the trial protocol in the appendix. 
Each volunteer had a follow-up visit at day 2, 7, 14, 28, 56, 
and 182 (6 months), in which clinical assessment was 
conducted and blood samples were taken for safety as 
well as for immuno genicity testing. Blood samples were 
also taken before vaccination, day 0, as a safety 
and immunological base line. Volunteers were given 
thermometers, measuring tapes, and paper-based diaries 
to record any adverse events during the 28 days’ follow-up 
period. For the secondary outcome of immunogenicity 
testing, follow-up was completed at day 56 and 182.

Solicited adverse events (defined in protocol) include 
local events (eg, pain at the injection site, redness, 
swelling, warmth, and itchiness) and systemic (eg, 
fever [temperature higher than 37·5°C], feverishness 
[reported by participant], arthralgia, myalgia, fatigue, 
headache, nausea, and malaise) that occur within 7 days 
after vaccination. Unsolicited adverse events were 
adverse events other than the foreseeable adverse events 
occurring within the first 7 days, or any adverse 

events occurring after the first 7 days after vaccination. 
Unsolicited events occurring in the 28 days after 
vaccination were recorded and serious adverse events 
occurring within 6 months after vaccination were 
monitored closely and documented. When there is no 
specific consideration applied, general criteria for 
grading local and systemic solicited and unsolicited 
adverse events were as follows: mild, defined as no 
limitation in usual activity; moderate, defined as mild to 
moderate limitation in usual activity; and severe, 
defined as limitation in usual activity and medications 
were required. Unsolicited adverse events were reviewed 
for causality assessment by an independent infectious 
diseases physician and those deemed possibly, 
probably, or definitely related to the vaccine were 
reported. Laboratory values were assessed and graded in 
accordance to the US Food and Drug Administration 
Guidance for Industry document.24 The Medical 
Dictionary for Regulatory Activities does not support the 
Arabic language as of time of publication. All unsolicited 
adverse events reported by volunteers were translated 
first to English using the WHO unified medical 
dictionary and based on their description during the 
visits, then coded in accordance with Medical Dictionary 
for Regulatory Activities.

Immunogenicity testing
To evaluate the concentration of anti-MERS-CoV spike 
IgG, a standardised in-house indirect ELISA was set up 
as follows. Nunc MaxiSorp 96-well plates (Life 
Technologies, Paisley, UK) were coated with 1 μg/mL of 
full-length recombinant clamp MERS spike protein 
(supplied by Keith Chappell, School of Chemistry and 
Molecular Biosciences, University of Queensland, 
Brisbane, QLD, Australia) in phosphate buffered saline 
and incubated at 4°C for 18 h overnight. The coated plates 
were washed six times with phosphate-buffered saline-
Tween and then blocked with casein for 1 h at room 
temperature. Serum samples diluted to fall within the 
linear range of the curve (typically 1/500 in casein) were 
then added to individual wells, in duplicates, of the 
plates. The plates were incubated at room temperature 
for 2 h followed by plate washing, as described previously. 
The plates were then incubated at room temperature for 
1 h with a secondary antibody, alkaline phosphatase-
conjugated goat anti-human IgG (γ-chain specific). After 
a final wash, plates were developed by adding 
4-nitrophenyl phosphate in diethanolamine substrate 
buffer (Fisher Scientific UK, Loughborough, UK). The 
standard curve used on each plate was derived from a 
pool of volunteers’ serum samples containing high-titre 
anti-MERS spike IgG. Endpoint titre determined by 
ELISA was used to identify the volunteer samples with 
the highest anti-MERS IgG titres after vaccination. A 
1/100 dilution of the standard pool was used in a two-fold 
serial dilution to produce ten standard points that were 
assigned arbitrary ELISA units. The optical density 

See Online for appendix
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values of the standard points were fitted to a four-
parameter hyperbolic curve against the arbitrary ELISA 
units using GEN5 software (version 3.04; BioTek 
Instruments, Winooski, VT, USA), and the parameters 
estimated from the standard curve were used to convert 
absorbance values of individual test samples into ELISA 
units. Each ELISA plate consists of the samples and 
internal positive control (1/800 dilution of the standard 
pool, corresponding to standard 4) in triplicates, ten 
standard points in duplicates, and four blank wells. The 
optical density reading of the plates at 405 nm was done 
with an ELx808 microplate reader (BioTek Instruments). 
The limit of detection was set as 200 EU.

To evaluate the concentration of neutralising antibodies 
for MERS-CoV, MERS pseudotyped viral particles 
(MERSpp) were produced and titrated using Huh7·5 cells, 
as described elsewhere.25,26 Serum samples from the trial 
patients were prepared in a three-fold serial dilution 
starting from 1:20 and tested for neutralising antibodies 
in duplicate. A standard concentration of MERSpp 
(equivalent to 200 000 relative luminescence units) and 
Huh7·5 cells (10 000 cells) were added to each well. 
Cells only and cells with MERSpp only (both without 
serum) were included in quadruplicate as controls 
to deter mine 100% and 0% neutralisation activity, 
respectively. Following 48 h of incubation, supernatants 
were removed and cells were lysed; the assay was then 
developed by Bright-Glo Luciferase Assay System 
(Promega, WI, USA) and luciferase activity was measured 
using a luminometer. 50% of inhibitory concentration 
neutralisation titres were calculated for each serum 
sample using GraphPad Prism.

To evaluate the cell-mediated immunity, interferon-γ-
linked enzyme linked immunospot (ELISpot) assays were 
done with fresh peripheral blood mononuclear cells 
(PBMCs) to determine responses to the MERS-CoV spike 
vaccine antigen. The method is described elsewhere27 
with the following exceptions. PBMCs were sepa rated 
from whole blood within 4 h of venipuncture. 275 synthetic 
peptides (15mers overlapping by ten amino acids) 
spanning the entire vaccine insert (MERS-CoV spike 
antigen), including the tissue plasminogen activator 
leader sequence, were used to stimulate PBMCs. Peptides 
were pooled into 13 pools for the MERS-CoV spike 
protein, containing 18 or 21 peptides, plus a single pool of 
five peptides for the tissue plasminogen activator leader. 
Peptide sequences and pooling have been summarised in 
the appendix of our previous work.23 Data were analysed 
according to a quality control standard operational 
procedure. The lower limit of detection for the assay 
was 56 spot forming cells for summed responses to the 
13 MERS-CoV spike peptide pools. Data are presented as 
spot forming cells per million PBMCs.

Outcome
The primary outcome was to assess the safety and 
tolerability of ChAdOx1 MERS by the occurrence of 

solicited local reactogenicity signs and symptoms for 
7 days following the vaccination; occurrence of solicited 
systemic reactogenicity signs and symptoms for 7 days 
following the vaccination; occurrence of unsolicited 
adverse events for 28 days following the vaccination; 
change from baseline for safety laboratory measures; and 
occurrence of serious adverse events during the whole 
study duration of 6 months. The secondary outcomes 
were cellular and humoral immunogenicity of ChAdOx1 
MERS as measured by ELISA to quantify antibodies to 
MERS spike protein antigen and ex-vivo ELISpot 
responses to MERS spike protein antigen from baseline 
to 6 months.

Statistical analysis
For this descriptive phase 1b study, the sample size was 
not determined based on statistical power calculations 
because of its small number of participants. Safety 
endpoints are described as frequencies with their 
respective percentages alongside their 95% CIs. 
Immunology data were tested for normal distribution 
using the D’Agostino-Pearson omnibus normality test. 
Data were analysed with non-parametric measures. 
Kruskal-Wallis with Dunn’s multiple comparison post-
test was used to compare across timepoints or groups. 
p values of less than 0·05 were considered significant. 
For ELISpot data, values are spot forming cells per 
million PBMCs. Statistical analysis of safety and 
immunogenicity data was done with GraphPad Prism 
(version 8.01 for Windows).

The study is registered with ClinicalTrials.gov, 
NCT04170829.

Role of the funding source
The funders of the study had no role in the study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Between Dec 17, 2019, and June 1, 2020, 24 volunteers 
(15 men and nine women), aged 21–46 years, were 
enrolled (table 1). The group was divided into three dose 
groups: low-dose group (n=6), intermediate-dose group 
(n=9), and high-dose group (n=9; figure 1). All 
participants received a single dose of ChAdOx1 MERS 
according to their dose-group allocation. 23 participants 
were available for all follow-up visits; one participant was 
not able to attend the blood draw visit at the 6 months 
follow-up.

The vaccine showed an acceptable safety profile with 
no serious adverse event reported in any of the groups 
during the 6 months of follow-up. A total of 90 local and 
systemic solicited adverse events were reported during 
the 7 days after vaccination. Most of these solicited 
adverse events were mild (67; 74%) in all three groups 
and moderate (17, 19%) in the intermediate-dose and 
high-dose groups. Six severe adverse events were 
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reported (7%) by two volunteers in the intermediate-dose 
group. 86 (96%) of the reported adverse events had an 
onset within 72 h after vaccination (23 [26%] at day 0, 
57 [63%] at day 1, and six [7%] at day 2); all adverse events 
were self-limiting and completely resolved by the second 
follow-up at day 7.

Pain at the site of injection was the most common local 
adverse event reported by 15 (63%) of the 24 volunteers. 
The most common systemic adverse event was headache, 
reported by 14 (58%) and muscle pain reported by 
13 (54%) participants. Two participants in the 
intermediate-dose group reported six severe adverse 
events following the vaccine (two feverish events and two 
headache events, one joint pain, and one muscle pain 
[table 2]). All participants who had onset of symptoms 
had them on the day following vaccination (day 1), lasted 
for 24 h, and resolved by the first follow-up visit (day 2), 
except with one participant in which headache persisted 
for 48 h. A total of 28 unsolicited adverse events were 
reported. In a causality evaluation, eight (29%) of these 
were deemed at least possibly related to the vaccine 
(six mild, one moderate, and one severe). One unsolicited 
adverse event persisted for more than 3 days in which a 
participant had paresthesia started on day 4 and was 
resolved by the next visit. Localised trunk erythema was 
observed on a participant not associated with other 
symptoms and disappeared gradually over a few days. A 
full list of unsolicited adverse events is shown in the 
appendix (p 2). A total of seven laboratory abnormalities 
were deemed related to the vaccine (appendix p 4) with 
neutropenia being the most common (n=3; 43%). Low 
lymphocyte count was noted in one patient only 2 days 
after vaccination, which was mild and reverted to the 
normal range on the day 7 visit. One volunteer developed 
mild leukocytosis, which started on day 7 and was 
resolved by day 28. All laboratory abnormalities were 
resolved by the fourth visit after vaccination (day 28).

The single dose of ChAdOx1 MERS induced antibody 
responses in all volunteers across all groups, higher than 
the baseline levels. Antibodies were evident at day 14, 
peaked at day 28 after vaccination, and continued to the 
end of the trial follow-up, at 6 months. Seroconversion 
occurred after vaccination in 71% (17 of 24) of patients by 
day 14, 92% (22 of 24) by day 28, 88% (21 of 24) by day 56, 
and 59% (13 of 22) by day 182. The concentration of 
induced antibodies at the peak (day 28) was a geometric 
mean of 36 ELISA units at day 0 and 753 ELISA units at 
day 28 (95% CI 511–1110; p<0·0001), when data from all 
dose groups were combined (figure 2A). The level at the 
last follow-up (day 182) was 365 ELISA units (95% CI 
215–619, p<0·0001, day 0 vs day 182). Antibody responses 
in the high-dose group were the highest. IgG titres 
increased significantly at the peak response (day 28) as 
compared with the baseline; this finding was in line with 
the increasing dose. There were significant differences in 
anti-MERS spike IgG between the high-dose group at 
day 28, 56, and 182 as compared with the low-dose and 

medium-dose groups (figure 2B). No significant 
differences were reported in the IgG titres between the 
dose groups before the peak, at day 14. No anti-MERS 
IgG responses were detected at baseline in any of the 
24 volunteers. Comparing these IgG titres to the serum 
IgG titres from the MERS001 trial23 in the UK showed 
that partici pants in the current study induced similar 
responses (figure 2C). Neutralisation assay based on 
pseudotyped lentiviral particles (MERSpp) was used to 
evaluate the neutralising antibodies in the 24 participants. 
All volunteers in the three dose groups showed 
significant neutralising antibody titres at day 28 after 
vaccination as compared with baseline. No significant 
differences were observed between the dose groups at 
day 28 (figure 2D).

Cellular immunogenicity to ChAdOx1 MERS was 
assessed by ex-vivo ELISpot. The interferon-γ-secreting 
T cell responses peaked at day 14 after vaccination for all 
groups. At day 14, the response in the low-dose group was 
2043 spot forming cells for the only sample available for 

All (n=24) Low-dose 
group 
(n=6)

Intermediate-
dose group 
(n=9)

High-dose 
group 
(n=9)

Age, years 30 (21–46) 28 (21–36) 33 
(22–46)

27 
(23–34)

Sex

Male 15 (63%) 5 (83%) 5 (56%) 5 (56%)

Female 9 (38%) 1 (17%) 4 (44%) 4 (44%)

Data are median (range) or n (%).

Table 1: Characteristics of the trial volunteers

Figure 1: Trial profile

6 assigned to low-dose group 

24 assigned to single-dose ChAdOx1 MERS 

38 patients assessed for eligibility

12 excluded for not meeting inclusion criteria
2 eligible and withdrew before vaccination

9 assigned to intermediate-dose 
group 

9 assigned to high-dose group 

6 included in analysis at 8 weeks 9 included in analysis at 8 weeks 9 included in analysis at 8 weeks

5 included in analysis at
6 months

9 included in analysis at 
6 months

9 included in analysis at 
6 months

1 lost to follow-up
(declined last visit)
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analysis whereas spot forming cells at medium dose 
showed a median of 1374 and at high-dose showed a 
median of 2322 (figure 3A). Responses at day 0 had 

medians of 252 for low-dose, 116 for intermediate-dose, 
and 201 for high-dose groups. Data from all volunteers 
across dose-groups were pooled since there were no 

Low-dose group (n=6) Intermediate-dose group (n=9) High-dose group (n=9)

Mild Moderate Severe Mild Moderate Severe Mild Moderate Severe

Any symptom 4 (67%) 0 0 4 (44%) 3 (33%) 2 (22%) 5 (56%) 4 (44%) 0

Any local symptom 3 (50%) 0 0 8 (89%) 1 (11%) 0 7 (78%) 0 0

Pain 3 (50%) 0 0 7 (78%) 1 (11%) 0 4 (44%) 0 0

Erythema 0 0 0 2 (22%) 0 0 3 (33%) 0 0

Warmth 0 0 0 2 (22%) 1 (11%) 0 3 (33%) 0 0

Pruritis 0 0 0 1 (11%) 0 0 0 0 0

Any systemic symptom 3 (50%) 0 0 4 (44%) 3 (33%) 2 (22%) 4 (44%) 4 (44%) 0

Fever 0 0 0 2 (22%) 1 (11%) 0 0 3 (33%) 0

Feverishness 0 0 0 1 (11%) 0 2 (22%) 4 (44%) 1 (11%) 0

Arthralgia 0 0 0 2 (22%) 1 (11%) 1 (11%) 2 (22%) 0 0

Myalgia 2 (33%) 0 0 4 (44%) 1 (11%) 1 (11%) 4 (44%) 1 (11%) 0

Fatigue 0 0 0 1 (11%) 3 (33%) 0 5 (56%) 0 0

Headache 0 0 0 6 (67%) 1 (11%) 2 (22%) 4 (44%) 1 (11%) 0

Nausea 1 (17%) 0 0 0 1 (11%) 0 0 0 0

Malaise 1 (17%) 0 0 1 (11%) 1 (11%) 0 2 (22%) 0 0

Data are n (%). Allocated as the highest reported adverse event.

Table 2: Local and systemic solicited adverse events

Figure 2: Antibody responses in patients vaccinated with a single dose regimen of ChAdOx1 MERS
IgG titres from all vaccinated patients (A) or from each dose group (B) for 6 months after vaccination, presented as ELISA units, with a cutoff 200 for seropositivity. 
IgG titres of 24 vaccinated patients in the Riyadh MERS002 trial (the current study) and Oxford MERS001 trial (C). Neutralising antibody titres are shown as IC50 for 
day 28 (D). Data from different dose groups are shown in different colours. Percentages shown on graphs indicate seropositivity percent. IC50=50% inhibitory 
concentration. ns=not-significant. Dotted lines represent the seropositivity. p value is indicated by *0·0001, †0·001, ‡0·05, §0·01; as tested by Kruskal-Wallis test and 
Dunn’s multiple comparisons test.
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significant differences in the T cell responses between 
the groups at any of the sampling timepoints. A 
significant increase in T cell responses was observed as 
compared with baseline at all timepoints, especially at 
day 14 and 28 after vaccination (figure 3A, B). The T cell 
responses at 6 months after vaccination showed median 
values of 620 for low-dose, 271 for intermediate-dose, and 
490 for high-dose groups. These responses did not show 
a good correlation with the baseline responses, indicating 
long-term responses (figure 3C). Data from 37 (48%) of 
76 ELISPot plates, assaying the trial samples, were 
removed from the final analysis because negative 
controls were above the predefined quality control 
parameters (56 spot forming cells) or the positive control 
failed. However, the available data for T cell response 
were not different than the T cell responses from the 
MERS001 trial in the UK (figure 3D).23

Discussion
In this study (MERS002), we evaluated ChAdOx1 MERS 
vaccine candidate in a phase 1b clinical trial in healthy 
Middle Eastern adults in the main endemic country of 
MERS-CoV, Saudi Arabia. The vaccine administered as a 
single dose was safe and well tolerated in all three dose 
groups. Our findings support the earlier phase 1a trial 
(MERS001) in the UK.23 Unlike the phase 1a study, higher 

reactogenicity was observed at the medium dose of 
2·5 × 10¹⁰ virus particles, with feeling feverish, headaches, 
joint, and muscle pain in two participants. No severe 
adverse events in the high-dose group and no serious 
adverse reactions occurred in any of the participants.

In clinical trials of the recently approved ChAdOx1 
vaccine against SARS-CoV-2, fatigue and headache were 
the most reported systemic reactions; and injection-site 
pain and tenderness were the most common solicited 
local adverse events.28,29 These adverse events occurred 
mainly in the intermediate-dose and high-dose groups 
in our study. The boost vaccination with ChAdOx1 
nCoV-19 resulted in fewer adverse events than did the 
prime vaccination, which might positively reflect the 
future design and development of homologous prime-
boost ChAdOx1 MERS and other ChAdOx1-vectored 
vaccines.28,29 Most of the recorded adverse events were 
mild or moderate in severity, and were all self-limiting. 
Heterologous prime-boost vaccination regimens have 
been evaluated in clinical trials for various vaccine 
candidates, most notably by use of DNA, adenoviral, 
and modified vaccinia Ankara poxviral vectors. These 
heterologous prime-boost vaccination regimens have 
resulted in an increased magnitude of immune 
responses.30–33 For COVID-19 vaccines, a phase 2 trial 
evaluated a heterologous vaccination regimen with 
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ChAdOx1 nCoV-19-prime and BNT162b2 boost, in 
8–12 weeks intervals, showed a 14 day robust humoral 
and cellular immune response stronger than that from 
ChAdOx1 nCoV-19 prime-boost vaccination. No serious 
adverse events were reported.34 Other studies have also 
reported that a heterologous prime-boost vacci nation 
regimen induced stronger, or similar, immunogenicity 
than did homologous regimens.35 MERS-CoV vaccine 
candidates could be considered for testing in heterologous 
prime-boost vaccination strategies with close observation 
of the possibility of higher adverse reaction rates than 
homo logous prime-boost vaccination.

The adverse events reported in the present trial are not 
distinguished from other ChAdOx1 vectored vaccines. 
These adverse events are also similar for the newly 
developed ChAdOx1 nCoV-19 vaccine for COVID-19 and 
for other closely related simian adenovirus-based 
vaccines such as ChAdOx2, ChAd3, and ChAd63 vectored 
vaccines expressing different antigens.14–19

Recent reports of rare development of immune throm-
botic thrombocytopenia mediated by platelet-activating 
antibodies against PF4, which clinically mimics auto-
immune heparin-induced thrombocytopenia, were asso-
ciated with ChAdOx1 nCoV-19 vaccination.36 Such a 
reaction was not observed in our cohort; however, the 
sample size of this phase 1b was not powered to detect a 
rare event. Other MERS-CoV vaccine candidates were 
tested in clinical trials for GLS-5300 MERS-CoV DNA and 
Modified Vaccinia virus Ankara-based vaccine. Both 
vaccine candidates showed favourable safety profiles 
without serious adverse events. Similar to our findings, 
headaches, fatigue, and malaise were the most common 
systemic symptoms for the DNA and Modified 
Vaccinia virus Ankara-based vaccines.37,38 These vaccines 
also induced strong antibody and T cell responses; and 
these trials had established the basis for selecting vaccine 
dose and boosting regimens to be further evaluated in 
phase 2 trials.

Immune responses induced by a single dose of 
ChAdOx1 MERS were evident at all three doses. Antibody 
responses were induced to a significantly higher 
concentration than at baseline, peaking at 4 weeks after 
vaccination, and plateauing until the end of follow-up at 
6 months. Seroconversion occurred in almost all (92%) 
people who were vaccinated at day 28 after vaccination. 
The high-dose group showed a significantly higher 
concentration of antibodies from day 28 onwards. 
This differs from the UK-based MERS001 trial in which 
all vaccine doses induced similar levels of antibody 
responses;23 this observation was made because both 
MERS001 and MERS002 ELISAs were performed to the 
same protocol in the same laboratory. Although phase 1 
trials are not designed primarily for immunogenicity 
evaluation, this interesting difference between these 
studies indicates that the vaccine might induce different 
levels of immune responses in different populations. 
Most responders showed antibody concentrations 

between 200 ELISA units and 1000 ELISA units at day 28. 
In addition, neutralising antibodies at day 28 were 
significantly higher than at baseline; supporting the data 
from the MERS001 trial. There were no significant 
differences between dose groups in neutralising anti-
body concentrations; consistent with the MERS001 data 
derived using a different neutralisation assay. As in 
the UK study, this study shows that the MERS-CoV-
specific neutralising antibody response was low in 
some recipients suggesting that a second vaccination 
is warranted. A two-dose regimen has been used to 
vaccinate humans with ChAdOx1 nCoV-19, to increase 
the levels and durability of the SARS-CoV-2 specific 
immune responses. This strategy could be extended to 
ChAdOx1 MERS vaccine evaluation.17

T cell responses, specific to the ChAdOx1 MERS, were 
induced in all volunteers across dose groups, mostly at 
1000–2000 spots per million cells at the peak, at day 14 
after vaccination. Like previous data (MERS001),23 T cell 
responses peaked at day 14 with similar and overlapping 
levels across all dose groups. These concentrations of 
interferon-γ producing cells observed in the recently 
approved ChAdOx1 nCoV-19 vaccine showed a median 
of 856 spot-forming cells per million PBMCs 
(IQR 493–1802) at day 14 in a phase 1/2 clinical trial, 
analysing 43 of the 543 vaccinated patients.13,14 This 
COVID-19 vaccine trial showed a drop by 50% in the level 
of these interferon-γ producing cells over the 6 months’ 
follow-up time, which is also observed in our study. 
Overall, ChAdOx1 MERS induced strong immune 
responses that peaked at day 14 for cellular immunogenicity 
and at day 28 for humoral immunogenicity and were 
similar to responses induced by ChAdOx1 nCoV-19. There 
is no confirmed correlate of protection for MERS or 
COVID-19, but the COVID-19 ChAdOx1 nCoV-19 vaccine 
has shown efficacy of 60–90% in phase 3 clinical trials.17 In 
addition, the ChAdOx1 nCoV-19 has been globally 
distributed and shown 80% effectiveness in real-world 
data studies, in people older than 70 years.18 Given the 
similarity between MERS-CoV and SARS-CoV-2, 
ChAdOx1 MERS could be a potential vaccine candidate for 
further clinical development.

Limitations of this study include the small sample size 
and the open-label, non-randomised, and uncontrolled 
trial design. Although T cell responses were analysed in 
only 51% of the samples of this study, the data are not 
different from the MERS001 trial, which analysed more 
samples for T cell immunogenicity. Long-term safety and 
immunogenicity might be warranted to have a better 
understanding of its safety and longevity. Nevertheless, 
as a phase 1b trial, this study provided information on 
reactogenicity and immunogenicity of the clinical use of 
ChAdOx1 MERS in an endemic area.

In conclusion, ChAdOx1 MERS was safe and well 
tolerated and able to elicit both humoral and cellular 
responses against MERS-CoV. The outcome of this phase 
1b clinical trial supports clinical progress into phase 2 
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trials. These should include a large number of healthy 
adults, including adults older than 50 years, health-care 
workers, those occupationally exposed to or in close 
contact with camels, and other people at high risk to 
continue the assessment of the safety and immunogenicity 
of the ChAdOx1 MERS vaccine, which could be given as a 
single or two dose administration.
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